The purpose of this paper is to review, clarify and critically analyse early approaches of Tryon's and Fomin's description the origin of the Universe as a quantum process. P. I.
Introduction
Cosmogony can be defined as a study of the origin (cosmogenesis) of the Universe in the physical aspect. It tries to answer the question how the Universe came into being. By comparing this process with human life, we called the birth of the Universe cosmogenesis [1] .
Among different conceptions of cosmogenesis which offer the possibility of describing the origin of the Universe as a physical process [1] , there appeared cosmogenic theories of the spontaneous creation in recent years. According to these theories, the Universe was created in a spontaneous way, from a quantum fluctuation borrowed from the created Universe. Edward
Tryon [2] is usually considered as the scientist who first supported such theories in 1973 by arguing that total mechanical energy of the closed Universe is zero and effects of quantum fluctuation of the vacuum were important when the Universe was coming to the existence.
The main aim of this paper is to show that the idea that the Universe could be a vacuum fluctuation was also independently formulated by P. I. Fomin in the same year in which the paper of E. P. Tryon was written [3] . In Fomin's paper, previously published in the preprint form [4] , we find a cosmological model in which the idea that the closed Universe originated from gravitational instability of the vacuum is realized in the background of General Relativity Theory, rather than on Newtonian one, like in Tryon's paper. The fact that Tryon's paper is well known, while Fomin's contribution is only addressed to in the Vilenkin footnote to his famous paper on quantum tunneling [5] , can be explained by the fact that Fomin's paper was published later in Doklady Akademii Nauk Ukr. SSSR [6] . We argue that Fomin's paper offers deeper understanding of the origin of the Universe from the vacuum fluctuation for two reasons: the mechanism proposed by Fomin is based on Einstein General Relativity in contrast to Tryon's idea in which one can find only suggestion that the closed Universe could be the vacuum fluctuation. Moreover, Newtonian theory can be useful in the context of discovery, but of course, it does not describe the early epoch of the universe when both gravitational and quantum effects are playing a crucial role.
We can discover a new contemporary context for Fomin's theory by considering the cosmological models in which his idea is realized, providing the conservation condition is postulated. We find two basic categories of the cosmological models in which the universe is generally relativistic and originated from quantum fluctuation via Fomin's proposition. We also demonstrate that in contrast to Tryon's model, the models obtained in this paper can be confronted with modern cosmological observations of the distant supernovae SNIa. The critical analysis of Tryon's paper is not the subject of the present paper. Some interesting remarks and critiques of Tryon's idea can be found in G. McCabe's papers [7] [8] . The authors share McCabe's comments on Tryon's paper in many points but the correct definition of the energy seems to be crucial for the investigation of the creation of the Universe. Many authors have concluded recently that energy of the flat and closed FRW Universes are equal to zero locally and globally. Unfortunately such conclusions originate from coordinate dependent calculations which are performed in the special commoving coordinates (called Cartesian coordinates), by using energy momentum complexes, matter and gravitation [9] .
The organization of this paper is as follows. In section (2) we present Fomin's idea in details. Section (3) is devoted to the construction of cosmological models from basic Fomin's assumptions -first principles. In section (4) these cosmological models are tested by the data from observation of distant supernovae type Ia, which offer the possibility of explaining the present acceleration of the Universe.
Fomin's idea of the origin of the Universe from quantum fluctuations
Fomin's main aim (like Tryon's) is to describe the origin of the Universe as a whole without any conservation laws. Since at that moment gravitational fields were very strong, the gravitational interaction of the primordial vacuum with gravity should be taken into account.
In both Tryon's and Fomin's papers, the vacuum is chosen as an initial state of the Universe (metagalaxy in Fomin's terminology). Note that if strong gravitational fields are important, then effects of General Relativity (not Special Relativity) should be included at the very beginning. This is the very reason why Fomin formulated the problem in the context of General Relativity. In the introduction to his paper we can find the analogy to the Newtonian cosmology, but he noted the absence of the kinetic term
, where M is the mass of the universe particle and The system (1) should be considered on the energy level 2 Fomin argues that such a process of decaying vacuum is energetically preferred and both entropy and the number of particles and antiparticles will be growing at the cosmological time. The growth of the number of particles is strictly related to the growing size of the system, as we assume that the created Universe is closed (see Fig. 1 ). Fomin pointed out that for the description of the contribution of decaying vacuum (in a phenomenological way), the Einstein field equations should be generalized. Hence the vacuum is characterized by an energy momentum tensor of the form:
where the energy density of vacuum λ depends on the scalar curvature of the spacetime:
Cosmological models incorporating Fomin's idea of gravitational instability of vacuum
Let us assume that a quantum process proposed by Fomin can be modelled, in a phenomenological way, by the energy momentum tensor in the form (2) and when the source of gravity is a perfect fluid with energy density ρ and pressure p. Therefore the Einstein equation assumes the form:
where µ, ν = 0, 1, 2, 3 and energy momentum tensor is The form of the Einstein equation (4) is more suitable for our aims because the contribution from the energy density of the vacuum was shifted to the energy momentum tensor. In addition to Fomin's idea we postulate the vanishing of divergence of the energy-momentum tensor µν T on the strength of Bianchi identity:
Hence the energy-momentum tensor is given in the diagonal form:
Since we are going to construct the cosmological model, as the first approximation, we consider the model, which is spatially homogenous and isotropic, therefore its spacetime metric is given in the form:
where t is cosmological time; a(t) is a scale factor; r, Θ, ϕ are standard spherical coordinates; 
where
following Fomin's assumption. 
The condition for vanishing divergence of energy-momentum tensor T reduces to the conservation condition:
The system of two equations [ (12) and (13)] constitutes the closed system of basic equation
for FRW cosmology (with incorporated Fomin's mechanism of gravitational instability of vacuum) when we postulate dependence of energy density and pressure on the scalar factor:
In this case equation (12) takes the form of the so-called acceleration equation:
Of course the system (16) possesses the first integral (called Friedmann's first integral):
One can simply check this by differentiation of both sides of equation (17) During evolution of the Universe, the effects of vacuum instability stay small because of local expansion of the space.
There are two important subclasses of the solution of equation (14):
− we assume that both terms in (14) are fulfilled independently, therefore, when
for simplicity, we obtain that:
, where α = const.,
, where now w = const. Hence the solution of equations (16) is taking the form: (20) which determines the equation of state coefficient:
We obtain from formula (21) that the Universe is accelerating for dust filled matter if parameter k belongs to the interval
It is interesting that this interval is included in the interval
For our further analysis of constraints from SNIa observational data it is useful to represent evolutional scenarios of two types of models in terms of Hubble function and dimensionless density parameters. For the two distinguished cases we obtain:
where a a z
is present value of the scale factor and . In all cases we assume the presence of dust matter. Note that the constraint condition for the model (2) assumes the following form:
In the model (2), the parameter k belongs to the interval
Therefore, the contribution of Fomin's mechanism is manifested by the effects of nonzero In the next section we concentrate on the constraints from recent SNIa measurements of the effects arising from possible Fomin's quantum creation mechanism which can be phenomenologically manifested by dark energy through a modified Friedman equation.
Distant supernovae as cosmological probes of dark energy
Today cosmology appears to be one of the fastest growing parts of physics due to new experiments from measurements of the cosmic microwave background radiation to measurements of the apparent magnitudes of several high redshift supernovae of type Ia, published recently by Riess et al. and Astier at al. [15] . For distant supernovae, one can directly observe the apparent magnitude (i.e log of flux: log F) and its redshift. As the absolute magnitude M of any supernovae is related to the present luminosity L, then relation It would be interesting to check the consistency of two classes of Fomin's model with SNIa observations. We begin by evaluating the luminosity distance as a function of redshift z as well as the parameters of the model. We define the redshift dependence of H as
For two classes of models (see Table 1 ) for the closed Universe with matter (baryonic and cold matter) we get:
The standard measure of acceleration in cosmology is dimensionless parameter deceleration q defined as:
We can calculate the value of this parameter for both classes of models under consideration.
Then we obtain 
Dynamics of the cosmological models with Fomin's mechanism creation of the Universe
The dynamics of the models from Table 1 can be represented with the help of particle like description, namely it can be reduced to the form of particle of unit mass moving in potential wall. The forms of potential function for both the first and the second models respectively are
The motion of the system is defined on the zero energy level:
, then the last term in the potential function is negative for both models from Table 1 . It means that evolution of the models is a bouncing type. In this scenario the standard evolution with singularity at a = 0 is replaced by bounce. Note that negative contribution to ) ( 2 a H formula cannot dominate the material term and the Universe starts from some . min a a = > 0 -finite value of the scale factor. On the other hand, evolution can be prolonged into the domain t < 0 (pre big -bang region) because of reflectional symmetry
e. Universe is closed), then we obtain in configuration space returning points.
As a consequence we obtain characteristic type of evolution without initial and final singularity. This behaviour can be well visualized on the phase portrait (see Figure 2) 
It is interesting that value of z tr. is determined only by the basic Fomin model parameter k.
Finally, the effects of gravitational instability of vacuum caused acceleration of the Universe and became negligible at the late stages of evolution of the Universe. They modify evolution of the early Universe in which big-bang singularity is replaced by bounce.
In the last section of the Fomin paper, we can find the exact solution of basic equation Models (1) and (2) are well known in the literature as proposition of explanation of the acceleration of the Universe. In all these models, cosmological models from modified Friedmann equations are concerned. Freese and Levis [10] showed that the first model from set observational constraints on this additional k parameter and then check whether it is consistent with current SNIa cosmological data. We also perform analogical analysis for the other model from Table 1 . This model can be also recognized in the modern cosmological investigations of the acceleration problem.
There are considered models with spinning fluid ( 0 , λ Ω < 0) [11] [12] [13] or the cosmological models inspired by so-called metric-affine gravity (MAG) [9] -with evolutional scenario formally equivalent to Fomin's one is proposed. However, in this class of models, the source of additional term in the Friedmann first integral has different nature. The results of confrontation of models 1 and 2 with SNIa observations are shown in Table 1 and Fig. 1 and   2 .
The results of statistical analysis of the estimation model parameters with Gold Riess sample are the following [15] 1. For the model (1) (see Table 1 
Conclusion
The main goal of the paper was to bring attention to Fomin's idea of quantum cosmogenesis. While in the literature, Tryon's paper was published in Nature which is a well known journal, the Fomin's idea was presented in Journal of Doklady Ukrainskoj Akademii Nauk which is not so popular. The status of Fomin's cosmology seems to be similar to the status of the brane cosmological models where our observable Universe is a surface or a brane embedded in a higher dimensional bulk spacetime in which gravity could spread. Note, that this model can be recovered if k parameter is 3 1 . We point out that Fomin's idea can be tested (in contrast to
Tryon's idea) by using supernovae data.
It is also important that Fomin's approach is free from the assumption of zero energy which is crucial for Tryon. Recently many authors concluded that energy-momentum of FRW universes are equal to zero locally and globally (flat Universe) or just globally (closed Universe). However, such a conclusion originated from coordinate-dependent calculations performed in the special comoving coordinates (carthesian coordinates). The results of estimation of model parameters by using likelihood methods are presented in Figure 3 and 4.
From these figures we can find the constraints on the basic parameters for models 1 and 2. We confront Fomin FRW model with SNIa observation and estimate all parameters of models.
Our analysis showed that Fomin's idea plays not only historical role but is related to the modern cosmological models appeared in the context of dark energy.
Recently interesting possibility of description creation of the Universe from a physical vacuum (Bogoliubov vacuum) in the framework of both General Relativity and Quantum Field Theory was proposed by V. Pervushin [17] . It is philosophically interesting that predictions of this theory can be also tested by both WMAP (Wilkinson Microwave Anisotropy Probe) observation as well as by observations of distant supernovae type SNIa.
The idea that sum of energies of all particles in the Universe is the same order of magnitude like gravitational energy, and consequently the total energy vanishes is very old.
Overduin and Fahr [18] argued that Haas [19] and Jordan [20] introduced this idea in 1936 and 1947, respectively, and called it the Haas -Jordan idea. The main difficulty in extending it to relativistic cosmology is caused by finding the correct definition of the energy in the FRW universe. The problem was not solve so far. On the other hand it was proposed to use Newtonian framework to show this idea at work. But this approach basing on the concept of infinite R 3 space as a model of real space is inconsistent with homogeneous and isotropic static distribution of matter.
The FRW general relativistic cosmological models can be represented as a motion of a fictitious particle moving in the potential well [21] . The shape of the potential function is determined by both matter content and curvature. In the simplest case the potential function is a function of the scale factor only. The balance energy relation 0 = + V T corresponds to Hamiltonian energy constraint 0 = H . Note that division on kinetic and potential parts of energy has purely conventional character. The system under consideration has a natural Lagrangian. From the potential function the curvature term can be extracted in such a way that motion of the system is restricted to the energy level 2
In the Newtonian cosmology the kinetic part is zero and the solution is admissible only for a closed universe because the gravity is attracting. Hence the problem of extension of the Haas -Jordan idea for the general relativistic case seems to be crucial for deeper understanding of the cosmogenesis mechanism.
Our final conclusion is that both models can be ruled out by SNIa observations on 9σ and 7σ confidence levels respectively. From the philosophical point of view it means that there is some class of models of quantum cosmogenesis which are susceptible to falsify. We obtain from observation that value of the basic parameter k should be very small and as a consequence k parameter has no impact on the current Universe. In this scenario, deceleration phase dominated by matter is followed by accelerating epoch around the bounce. This scenario is the generic feature of cosmology inspired by quantum gravity effects [22] . 
